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While intestinal epithelial cells are known for secreting antimicrobial molecules, cell intrinsic defense mech-
anisms are less characterized. In this issue, Benjamin et al. (2013) demonstrate that MyD88 and autophagy
within the intestinal epithelium detect invasive bacteria and prevent dissemination.A single layer of epithelial cells separates
the rest of our body from a large number
of bacteria in the intestine that includes
commensals as well as those ingested
with food and water. Life-threatening
disease can occur when an invasive
species or opportunistic pathogen
breaks through and disseminates to
other organs. To prevent this from
happening on a regular basis, the intesti-
nal epithelium employs seemingly redun-
dant mechanisms (Figure 1) (Lie´vin-Le
Moal and Servin, 2006). At the physical
level, the constant turnover of these cells
and intercellular junctional complexes
are critical for maintaining the integrity
of the layer. The intestinal epithelium
also deploys an impressive arsenal of
secreted molecules that maintain dis-
tance with bacteria. Mucins secreted
by goblet cells form a coating of pro-
tective mucus, and secretory granules
produced by Paneth cells contain
a-defensins and other microbicidal mole-
cules. Additionally, epithelial cells can
express the polymeric immunoglobulin
receptor (pIgR) to transport large quanti-
ties of IgA and IgM antibodies from the
basolateral side to the lumen. These
mechanisms act in concert to generate
a formidable physical and chemical
barrier.
Although fences make good neighbors,
they might not deter a persistent home
invader. Some bacteria, such as the
gram-negative pathogen Salmonella
enterica Typhimurium, encode virulence
factors that allow entry into epithelial cells
and subvert host pathways for survival.
How do intestinal epithelial cells detect
and deal with this invasion? Compared
to the above extracellular defense strate-
gies, less is known about the cell-intrinsic
immune mechanisms employed by the
intestinal epithelium.Autophagy (macroautophagy), which
literally means ‘‘to eat oneself,’’ is the
process by which cellular material is
engulfed by a double-membrane vesicle
termed the autophagosome and deliv-
ered to the lysosome for degradation
and recycling. Autophagy deserves
consideration as an epithelial cell-intrinsic
immune mechanism because a diverse
range of bacteria including S. Typhimu-
rium have been shown to be targeted by
the autophagy machinery upon entering
cultured cells (Deretic, 2012). Also, auto-
phagy has been genetically linked to
inflammatory bowel disease (IBD), which
is considered to have a microbial com-
ponent (Jostins et al., 2012). The most
notable link is that polymorphism
in Atg16L1, a gene that is essential
for proper autophagosome formation,
increases the risk of developing a par-
ticular type of IBD, Crohn’s disease.
Disruption of Atg16L1 or its binding
partner Atg5 in mice leads to aberrant
antimicrobial granule formation in Paneth
cells, an abnormality that is also seen in
Crohn’s disease patients homozygous
for the prevalent Atg16L1T300A risk allele
(Cadwell et al., 2008). Thus, autophagy
genes appear to contribute to the extra-
cellular antimicrobial response, but it is
unclear if the intracellular antimicrobial
functions of autophagy identified by
in vitro studies are important in the
intestinal epithelium.
Using both conventional and germfree
mice to avoid the complication asso-
ciated with the presence of other
bacteria, Benjamin et al. (2013) detected
rapid and transient autophagy induction
after oral infection with S. Typhimurium,
as indicated by punctate staining of
the autophagy protein LC3, which
was especially pronounced in the
terminal ileum (small intestine). Many ofCell Host & Microbethe intracellular bacteria displayed
colocalization with LC3 indicative of
engulfment in autophagosomes, a
finding that was further supported by
electron microscopy. Similar observa-
tions were made in germfree mice in-
fected with the invasive gram-positive
commensal species Enterococcus
faecalis, but not the noninvasive Lacto-
bacillus salivarius, suggesting that auto-
phagy induction is a general response
to bacterial invasion of the intestinal
epithelium.
Next, Benjamin et al. (2013) hypothe-
sized that the toll-like receptor (TLR)
adaptor protein MyD88 is required for
autophagy induction since microbial
products recognized by TLRs have been
shown to trigger autophagy in other
settings (Deretic, 2012). They found that
mice with an intestinal epithelial cell-
specific deletion of Myd88 (Myd88DIEC)
had impaired autophagy induction after
S. Typhimurium infection, consistent
with a cell-intrinsic role for TLR-mediated
autophagy in this compartment. Other
groups have shown that activation of
Nod2, an intracellular bacterial sensor
associated with IBD, induces autophagy
in the presence of invasive bacteria
in vitro (Cooney et al., 2010; Travassos
et al., 2010). However, autophagosome
formation in the epithelium in response
to S. Typhimurium was intact in Nod2/
mice. This observation is not trivial
since Nod2 is perhaps the most widely
investigated IBD gene, yet its role in
the intestinal epithelium remains highly
contested. The relationship between
Nod2 and autophagy during an in vivo
bacterial infection will require further
examination.
Finally, Benjamin et al. (2013)
tested the role of autophagy in the
epithelium by conditionally deleting the13, June 12, 2013 ª2013 Elsevier Inc. 627
Figure 1. MyD88-Induced Autophagy Prevents Dissemination of
Bacteria that Invade the Intestinal Epithelium
Intestinal epithelial cells secrete an array of factors to defend against poten-
tially harmful bacteria. These factors include mucins that create the mucus
layer, antimicrobial molecules such as defensins, and antibody complexes
such as secretory immunoglobulin A (sIgA). Despite these barriers to infection,
Salmonella enterica Typhimurium and other invasive bacteria can enter epithe-
lial cells where they can survive, replicate, and disseminate into the rest of
the body. Benjamin et al. (2013) demonstrate that invasive bacteria activate
the toll-like receptor (TLR) adaptor protein MyD88 within epithelial cells, which
subsequently leads to induction of autophagy in infected cells. A subset of
bacteria, potentially those residing in a damaged vacuole, are sequestered
in the double-membrane autophagosome and targeted for degradation
through fusion with the lysosome.
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Atg5 from intestinal epithe-
lial cells (Atg5DIEC). Upon in-
fection with S. Typhimurium,
Atg5DIEC mice displayed
impaired autophagosome
formation and increased
numbers of intracellular bac-
teria in intestinal epithelial
cells. Furthermore, there
was a marked increase in
S. Typhimurium recovered
from the spleen and liver,
thus demonstrating an es-
sential role for Atg5 within
the epithelial compartment
for preventing dissemination.
While it is difficult to rule out
an indirect effect of Atg5
deletion (e.g., Paneth cell
dysfunction), the authors pro-
vide several important con-
trols. First, a similar amount
of S. Typhimuriumwas recov-
ered from the intestinal lumen
of Atg5DIEC and control mice,
indicating that the defect
occurs after the bacterium
reaches the epithelium.
Similarly, Atg5DIEC did not
display susceptibility when
S. Typhimurium was intro-
duced through a systemicroute of infection. Second, it is unlikely
that the bacterium is taking advantage of
an already compromised physical barrier
since Atg5DIEC mice did not display
increased intestinal permeability. Third,
noninvasive S. Typhimurium mutants did
not induce autophagy or disseminate in
Atg5DIEC mice, confirming the specificity
of this mechanism for intracellular
invasion.
Taken together, the above findings
strongly support a model in which
bacteria that make it past the initial
barriers and enter the intestinal epithe-
lium are recognized through the TLR/
MyD88 pathway and subsequently
targeted by autophagy for elimination
to prevent dissemination (Figure 1).
In addition to providing much-needed
in vivo evidence that TLR-mediated
autophagy is necessary for proper im-
munity during enteric bacterial infection,
these findings indicate that the defense
strategy of the intestinal epithelium
is not limited to secretory factors
and includes cell-intrinsic mechanisms.628 Cell Host & Microbe 13, June 12, 2013 ªIt seems appropriate that the epithelial
cells of the digestive tract eat bacteria
in self-defense , but major questions
remain regarding what appears to be a
simple model at first glance. Several
receptors signal through MyD88, and
it is unclear which ligands are trigger-
ing autophagy and where this recogni-
tion occurs. It is even possible that
signaling occurs in a neighboring cell
or some other indirect process. Addi-
tionally, despite the substantial increase
in bacteria found in extraintestinal or-
gans, the increase in S. Typhimurium
within epithelial cells is comparatively
modest, and only a fraction of these
bacteria colocalize with the autophagy
machinery. This in vivo observation is
remarkably similar to those reported
in vitro (Cemma and Brumell, 2012).
What prevents the bacteria that escape
autophagosome engulfment from
disseminating? Also, while Benjamin
et al. (2013) applied the cell-type-spe-
cific deletion approach to great suc-
cess, autophagy could have additional2013 Elsevier Inc.functions during enteric bac-
terial infections.
A final point worth consid-
ering is the potential connec-
tion between these findings
and IBD. The prediction is
that deletion of Atg16L1 and
other autophagy genes in the
intestinal epithelium will lead
to similar observations as
reported for Atg5. This must
be tested since autophagy
genes can participate in
immune processes that are
autophagosome indepen-
dent. Likewise, the prominent
Atg16L1T300A risk allele of
Crohn’s disease is poorly
understood, especially in
regards to in vivo function.
One of the strengths of this
current study is that the
observations are clear and
have generated straightfor-
ward hypotheses that can be
tested. Thanks to the wealth
of biochemical knowledge
and tools that are becoming
available, it is only a matter
of time before these ques-
tions are answered and
lead to an improved under-
standing of how a balancedhost-microbe interface is maintained in
the gut.
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